Abstract. The current study investigated the expression and functional roles of microRNA-139 (miR-139) on human epithelial ovarian cancer (EOC). Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) was performed to measure miR-139 expression in EOC tissues and cell lines. The effects of miR-139 on EOC cell proliferation, migration and invasion were assessed using MTT, cell migration and invasion assays, respectively. Subsequently, the molecular mechanism underlying the tumor suppressive roles of miR-139 on EOC was determined by bioinformatics analysis, RT-qPCR, western blotting and the luciferase reporter assay. According to the results, it was identified that miR-139 was significantly downregulated in EOC tissues and cell lines. In addition, restoration of miR-139 suppressed tumor cell proliferation, migration and invasion in EOC. Furthermore, hepatoma-derived growth factor (HDGF) was identified as a target of miR-139 in EOC. Upregulation of HDGF could rescue the inhibitory effects exerted by miR-139 overexpression on EOC cell proliferation, migration and invasion. Collectively, the results indicated that miR-139 was downregulated in EOC, and acted as a tumor suppressor by directly targeting HDGF. To the best of our knowledge, this was the first study to identify that miR-139 contributes to the growth and metastasis of EOC.
Introduction
Ovarian cancer is the second the most common gynecological malignancy, and is the seventh most common cancer in women worldwide, with 239,000 new cases diagnosed in 2012 (1) . Epithelial ovarian cancer (EOC) is the major pathological type of ovarian cancer, and accounts for approximately 90% cases, including serous adenocarcinoma, endometrial adenocarcinoma and clear cell carcinoma (2) . Despite advances in the treatments by combining surgical resection, chemotherapy and radiotherapy, the prognosis for patients with EOC remains unsatisfactory, with a five-year overall survival rate of only 30% (3, 4) . The poor prognosis of EOC has been demonstrated to be associated with the occurrence of tumor metastasis, and recurrence (5) . Therefore, it is of great clinical significance to elucidate the molecular mechanisms, which contribute to the tumorigenesis and tumor development of EOC, and investigate novel therapeutic targets for this disease.
Previous studies have reported the importance of the regulatory roles of microRNAs (miRNAs) in the carcinogenesis and progression of EOC (6) (7) (8) . miRNAs are a major group of endogenous, non-protein-coding and short RNA molecules approximately 22 nucleotides in length (9) . At present, more than 1,000 miRNAs have been validated, which only represent ~1% of the predicted genes in the genome, and are estimated to regulate the expression of more than 60% of protein-coding genes (10, 11) . miRNAs negatively modulate their target genes through binding to the 3'untranslated region (UTR) of target genes for the post-transcriptional regulation, and therefore to participate in a great deal of biological processes, including cell proliferation, cell cycle, apoptosis, invasion, metastasis, glucose and lipid metabolism and infection and immune responses (12) (13) (14) . Studies have indicated that the abnormal expression of miRNAs serve significant roles in the occurrence and development of tumors, including bladder cancer (15) , renal cell carcinoma (16) , colorectal cancer (17) , breast cancer (18) , hepatocellular carcinoma (19) and EOC (20) . Therefore, exploring the expression patterns and roles of miRNAs in EOC may provide potential diagnostic and therapeutic targets for the treatments of EOC.
Thus, the current study demonstrated that the expression level of miR-139 was markedly reduced in EOC, and restoration of miR-139 repressed cellular proliferation, migration and invasion. In addition, it was identified that miR-139 directly targeted and downregulated HDGF through binding to its 3'UTR. Finally, it was demonstrated that HDGF overexpression may rescue the inhibitory effects mediated by miR-139 in EOC.
Materials and methods
Tissue specimens. (RT-qPCR) . Total RNA and miRNAs were extracted from tissues or cells using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.) and mirVana miRNA isolation kit (Ambion; Thermo Fisher Scientific, Inc.), respectively. TaqMan microRNA assay (Applied Biosystems; Thermo Fisher Scientific, Inc.) was adopted to measure miR-139 expression. The reaction mixture contained 1.0 µl TaqMan miRNA assay (20X), 10.0 µl TaqMan 2X Universal PCR Master mix (Thermo Fisher Scientific, Inc.), 1.33 µl cDNA, 1 µl forward primer and 1 µl reverse primer and 5.67 µl double distilled water. For HDGF mRNA expression, reverse transcription was performed with PrimeScript™ RT Master mix (Takara Bio, Inc., Otsu, Japan). The SYBR-Green PCR master mixture (Takara Bio, Inc.) was used to determine HDGF mRNA expression. The reaction system for qPCR consisted of 10 µl SYBR-Green PCR Master mix, 2 µl forward primer, 2 µl reverse primer, 2 µl cDNA and 4 µl double distilled water. The thermocycler conditions were as follows: 95˚C for 10 min; 40 cycles of 95˚C for 15 sec and 60˚C for 1 min. RT-qPCR was performed in triplicate using ABI Prism 7500 Sequence Detection system (Applied Biosystems; Thermo Fisher Scientific, Inc.), the 2 -ΔΔCq method was used to determine the relative gene expression (21) . Primers are presented in Table I . U6 snRNA and GAPDH mRNA were used as endogenous controls for miR-139 and HDGF mRNA, respectively.
MTT assay. The proliferative ability of EOC cells was determined using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay (Sigma-Aldrich; Merck Millipore, Darmstadt, Germany). Briefly, transfected cells were collected, counted and seeded in 96-well plates at a density of 2,000 cells/well. Cells were then incubated in a humidified 5% CO 2 at 37˚C for continual 24-96 h. The MTT assay was performed at specified time points, 20 µl MTT solution (5 mg/ml) was added into each well and incubated at 37˚C for 4 h. Subsequently, the culture medium containing MTT solution was removed and replaced with 100 µl DMSO (Sigma-Aldrich; Merck Millipore). Finally, the optical density at 490 nm (OD) was detected with a microplate reader (ELx800; Bio-Tek Instruments, Inc., Winooski, VT, USA).
Cell migration and invasion assay. The cell migration and invasion assay was performed in triplicate using Transwell chambers (8-µm pore size; EMD Millipore, Billerica, MA, USA) and Matrigel (BD Biosciences, San Jose, CA, USA)-coated Transwell chambers. In brief, transfected cells were collected at 48 h post-transfection, counted, and resuspended in FBS-free culture medium. A total of 4x10 4 cells in 100 µl FBS-free culture medium were plated into the upper chamber, and 500 µl culture medium containing 20% FBS was added to the lower chamber. Cells were incubated in a humidified 5% CO 2 at 37˚C for 48 h. Cells that remained on top of the filter were carefully removed with cotton swabs, and those that migrated or invaded through the membranes were fixed with 95% methanol (Beyotime Institute of Biotechnology, Haimen, China), stained with 0.5% crystal violet (Beyotime Institute of Biotechnology) and photographed under a microscope (magnification, x200; Olympus Corporation, Tokyo, Japan).
Bioinformatics analysis. The target genes information of miR-139 were analyzed using TargetScan (www.targetscan.org) and miRanda (www.microrna.org).
Luciferase report assay. For the luciferase reporter assay, the wild type (Wt) 3'UTR and mutant (Mut) 3'UTR of Statistical analysis. The results were presented as the mean ± standard deviation. The differences between groups were compared using SPSS software, version 17 (SPSS, Inc., Chicago, IL, USA). Two-tailed P<0.05 was considered to indicate a statistically significant difference.
Results

miR-139 expression in EOC tissues and cell lines.
Firstly, miR-139 expression was assayed in EOC tissues and matched adjacent normal tissues using RT-qPCR. As presented in Fig. 1A , the expression level of miR-139 was significantly declined in EOC tissues compared with those in matched adjacent normal tissues (P<0.05). miR-139 expression in EOC cell lines (OVCAR3, CAOV3, SKOV3 and ES-2) in addition to the human NOEC was also determined. As predicted, miR-139 was significantly downregulated in EOC cell lines compared with NOEC ( Fig. 1B; P<0 .05).
miR-139 suppressed the proliferation and motility of EOC cells.
The effects of miR-139 were further investigated on EOC carcinogenesis and progression. CAOV3 and SKOV3 were transfected with miR-139 mimics or NC. The upregulation of miR-139 on miR-139 mimics-transfected CAOV3 and SKOV3 was confirmed by RT-qPCR ( Fig. 2A; P<0 .05). MTT assay was performed to measure proliferation of miR-139 mimics-transfected CAOV3 and SKOV3 cells, and the results indicated that miR-139 overexpression inhibited proliferation of CAOV3 and SKOV3 cells ( Fig. 2B; P<0 .05). The effect of miR-139 on the motility of EOC cells was determined using cell migration and invasion assay. As presented in Fig. 2C , upregulation of miR-139 substantially suppressed migration and invasion capacities of CAOV3 and SKOV3 cells ( Fig. 2C ; P<0.05). These data suggested that miR-139 acted as a tumor suppressor in EOC.
HDGF was a direct target gene of miR-139.
In order to explore the molecular mechanism of miR-139 in EOC, the predicted targets of miR-139 were analyzed using bioinformatics analysis with two publicly available databases (TargetScan and miRanda). As presented in Fig. 3A , the 3'UTR of HDGF contained potential binding sites of miR-139. To confirm HDGF as a direct target gene of miR-139, the luciferase reporter assay was performed. HEK293T cells were transfected with pMIR-HDGF-3'UTR Wt or pMIR-HDGF-3'UTR Mut, and miR-139 mimics or NC. As presented in Fig. 3B , results of luciferase reporter assay indicated that upregulation of miR-139 significantly reduced luciferase activities of pMIR-HDGF-3'UTR Wt (P<0.05), however not luciferase activities of pMIR-HDGF-3'UTR Mut. Fig. 4A; P<0.05) . In addition, similar to the mRNA changes, miR-139 overexpression additionally reduced HDGF protein expression level in CAOV3 and SKOV3 cells compared with NC groups (Fig. 4B; P<0 .05). These observations demonstrated that HDGF was a direct target gene of miR-139, and could negatively regulate HDGF expression through binding to its 3'UTR.
Upregulation of HDGF could rescue the inhibitory effects of miR-139 on EOC cells. HDGF was identified as a direct target gene of miR-139 in EOC.
If these tumor suppressive roles of miR-139 on EOC were mediated by HDGF, HDGF overexpression could rescue these effects induced by miR-139. pcDNA3.1-HDGF or pcDNA3.1 was injected into CAOV3 and SKOV3 cells, and upregulation of HDGF was determined by RT-qPCR ( Fig. 5A; P<0 .05) and western blotting ( Fig. 5B;  P<0 .05). Reintroduction of HDGF in miR-139 mimics-transfected CAOV3 and SKOV3 cells rescued the inhibitory effects on cell proliferation (Fig. 5C; P<0 .05) and motility ( Fig. 5D and E; P<0.05) induced by miR-139 overexpression. These results further demonstrated that HDGF was a direct target of miR-139 in EOC.
Discussion
The dysregulation of miR-139 was a frequent event and it is involved in the carcinogenesis and progression of various kinds of human cancer. For example, in hepatocellular carcinoma, miR-139 expression was downregulated, and reduced miR-139 levels were correlated with clinicopathological features, including venous invasion, microsatellite formation, absence of tumor encapsulation and reduced differentiation (22) . In colon cancer, expression levels of miR-139 were reduced in tumor tissues, and its low expression was associated with age. Furthermore, miR-139 underexpression was correlated with poor overall survival, particularly in patients with TNM stages I and II (23) . In esophageal squamous cell carcinoma, reduced miR-139 expression was associated with lymph node metastases (24) . The downregulation of miR-139 was also observed to correlate with gastric cancer (25) , parathyroid carcinoma (26) , and basal cell carcinoma (27) . However, the expression pattern of miR-139 in EOC was not investigated. In the present study, it was observed that miR-139 was significantly downregulated in EOC tissues and cell lines using RT-qPCR. These observations suggested that miR-139 may serve important roles in cancer.
miR-139 has been subject to various studies and serves significant roles in numerous biological functions. In hepatocellular carcinoma, upregulation of miR-139 clearly attenuated cell motility in vitro and the incidence and severity of lung metastasis from orthotopic liver tumors in vivo through negative regulation of rho associated coiled-coil containing protein kinase 2 (22). Gu et al (28) reported that miR-139 overexpression suppressed hepatocellular carcinoma cells growth, migration, invasion and enhanced apoptosis via the WNT/TCF-4 pathway. In glioma, miR-139 inhibited cell proliferation and invasion both in vitro and in vivo through directly targeting IGF-1R, AMY-1 and PGC-1β (29) . In addition, restoration of miR-139 repressed glioma cells migration and invasion by targeting ZEB1 and ZEB2 (30) , and improved temozolomide-induced apoptosis via blockade of MCl-1 (31). Ren et al (32) demonstrated that miR-139 decreased cell growth and induced cell apoptosis via the protein kinase B signaling pathway. Zhang et al (33) observed that miR-139 overexpression inhibited breast cancer cell growth, motility, enhanced cell apoptosis, caused cell cycle arrest in S phase and improved chemosensitivity to docetaxel by targeting Notch1. However, the roles of miR-139 on EOC cells remained to be investigated. The current study observed that ectopic of miR-139 expression significantly inhibited proliferation, migration and invasion of EOC cells. These results suggested that miR-139 acted as a tumor suppressor in cancer, and could be investigated as a therapeutic target for the therapy of these types of cancer.
Regarding the molecular mechanism underlying the regulation effect of miRNA on cancers, it is crucial to explore their target genes. Firstly, bioinformatics analysis indicated the presence of miR-139 binding site on the 3'UTR of HDGF. In addition, luciferase reporter assays indicated that miR-139 overexpression decreased the luciferase activities of Wt 3'UTR of HDGF, whereas there was no effect on the Mut 3'UTR of HDGF, suggesting that HDGF was a direct target gene of miR-139. In addition, results of RT-qPCR and western blotting indicated that enforced miR-139 expression suppressed HDGF expression at both mRNA and protein levels in EOC cells. Finally, upregulation of HDGF in miR-139 mimics-transfected cells could rescue the tumor suppressive roles induced by miR-139 overexpression on cell proliferation, migration and invasion, further demonstrating that miR-139 inhibited EOC cell proliferation, migration and invasion through directly targeting HDGF.
HDGF, located on chromosome 1, region q21-q23 (34) , is a heparin-binding growth factor and firstly purified from culture medium conditioned with hepatoma-cell line HuH7 (35) . In EOC, HDGF was significantly upregulated in tumor tissues and higher expression of HDGF was correlated with lymphatic metastasis. In addition, patients with EOC with higher HDGF levels had a poorer five-year overall survival rate, and multivariate analysis identified HDGF as an independent prognostic factor for patients with EOC (36) . Therefore, regarding its cancer-associated functions, HDGF is worthwhile to be investigated as a novel therapeutic target in EOC. Increasing studies indicated that HDGF may be regulated by multiple miRNAs in various types of cancer, including miR-610 in colorectal cancer (37) , miR-497 in prostate cancer (38) , miR-195 in non-small cell lung cancer (39), miR-141 in gastric cancer (40) , and miR-214 in hepatocellular carcinoma (41) . In the present study, to the best of our knowledge for the first time, it was observed that HDGF may be negatively regulated by miR-139 in EOC, and therefore to inhibit cell growth and metastasis. Collectively, miR-139 could be investigated as a targeted therapy to against HDGF and to block EOC rapidly growth and metastasis.
In conclusion, the present study indicated that miR-139 exhibited tumor suppressive roles against EOC through directly targeting HDGF. This newly identified miR-139/HDGF association provided potential novel therapeutic targets for patients with EOC.
